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(57) ABSTRACT

A method capable of searching for a surrounding device
based on a desired service is provided. The method includes
transmitting a service search request including information
regarding a target service to nearby devices; receiving a
service search response from the nearby device supporting
the target service; analyzing service information of the
nearby device supporting the target service, which is
included in the service search response; selecting the nearby
device supporting the target service based on a result of the
analyzed service information; and performing the target
service by establishing a session with the selected device.

14 Claims, 8 Drawing Sheets

11
» SECOND DEVICE | SERVICE A
LF SERVICE &
7
p

FOURTH DEVICE

QN
otk

TTatalal
HEC



U.S. Patent

3

Nov. 8, 2016

Sheet 1 of 8

US 9,491,202 B2

E‘?a

SECOND DREVICE i

E



U.S. Patent Nov. 8, 2016 Sheet 2 of 8 US 9,491,202 B2

0 140 130 130
HRAT DRVIGE SECOND DEWVICED | THIRD DEVICE §  [FOURTH REVICE

FORSERVICEA | 200

BROADCASTING SIGNAL

i
IENES

TN aan
S 23U

-
2

5%
PAw-3

FIG.2



U.S. Patent

Nov. 8, 2016

Sheet 3 of 8

490

AN

US 9,491,202 B2

SF

(‘ %
\)\J

DOEVITE

RO

EViD

STARY GPERA
FOR SERVICE A

TONY

g SERVICE SEARCH BEGUEST

\}1{\i > &

- SERVICE REARCH REQUEST

$2 - o

WA Eo

- SERVICE SEARCH REGUEST

S E

o SERVICE SEAR

CH RESPONGE

SERVE
SERVE

350 1

’E: agh

GHRESPO QS:\ S

E ‘S?t\‘% 4 RESPO
Tt R (N

\» sy

37¢ -




U.S. Patent

Nov. 8, 2016 Sheet 4 of 8

10

LSRR INTERFACE

2 SERVICE
A Y At R N A NTATY AR v
420~ DONNECTION INF -
UNIY YO

410

AN

US 9,491,202 B2



U.S. Patent Nov

8,2016 Sheet 5 of 8 US 9,491,202 B2

{
i
i
i
i

e

i
i
i
i
i

3
BRI

&2

N b S ER—

1

o3 g

o T Lo
R Son 0y

Frosrgmnes

]

%

riinccie

3

|

> A
< BaE

paivans.

o
O ORI o o

¥ e . 3 - o~
J;; {7 Ec-}\(}”i FIOTES o) o S0y
A NV I 3 Y

3

]

G

I
I




U.S. Patent

Nov. 8, 2016

Sheet 6 of 8

BEACON SIGNAL HEVEL &)

US 9,491,202 B2

<

SECOND DEVICE

- 00

BEACON MIGNAL {LEVEL 1

s
je
Bty
e

BEACON SIGNAL LEVEL]

.3
BEACON SIGNAL EVEL & o
o ot
, 8E'§\L'L*K i’g;{ é\gn &E‘» T, £ T
3 - ‘33\}

550 .

i”?%‘*ER *\ETL w

H AR
1S CONNEL

FI1G.6




U.S. Patent

Nov. 8, 2016

Sheet 7 of 8 US 9,491,202 B2

:’;amf:* OPERATION

v
™

MODE &\3{3

R N «XN

PR
RECENE

EROM SURROUNDING DEVicEs 17

ROADCASTING SIGNALS

£

o0
et
ol

P

¥

Y28 SER

VICE INFORMATION

LOWEST LEY E:\zm.a; N BROADE
,,,,,,,,,,,,,,,,,,,,,,,,,, r— :
0 S\Ex&:*s;\s e
CJ"&RJ\ET TEGC

h
= -
o L

\,,L CNNEET TS e
SSION HITH SELECTED

Wy, WRVIGET

EXCHANGE SECURITYKEY 1740

¥

COVPLETE §
z..-\‘s‘ ME{\ i

SSION

PERRORM SERVICE TR

o
ey




U.S. Patent Nov. 8, 2016 Sheet 8 of 8 US 9,491,202 B2

(ﬁ Ax G\\Ai& s

9 OF SURRDUNDING
ND GENERATE OWNID ~§03

ACOURE

-
DEVICES §

SEARCHERE
{:\ INFOR

G DRV

ARALYZE SERVICE i\ ”\f‘ THON ?s\mi. QEE
N SERVICE GEARCH RESPONSE - 820

¥

E0T DEVICE SURFORTING DESIRED SERVICE | .

e v
T \.&.ﬁ

EXCHANGE SECURITY KEY {40

COMPLETE SESSION CONNECTION Q45

PERFURM SERVICE 250
o

FIG.8



US 9,491,202 B2

1
DEVICE AND METHOD CAPABLE OF
SEARCHING FOR AVAILABLE SERVICE

PRIORITY

This application claims priority under 35 U.S.C. §119(a)
to a Korean Patent Application filed in the Korean Intellec-
tual Property Office on Dec. 16, 2011 and assigned Serial
No. 10-2011-0136171, the entire disclosure of which is
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a service search
device and method, and more particularly, to a service search
device and method for searching for an available service
between devices without forming a network between such
devices.

2. Description of the Related Art

Devices in a short-range communication network search
for the functions available on other devices. To search for a
device and its supportable service function information,
search protocols of Layer 3 or higher in the Open Systems
Interconnection (OSI) 7 Layer have been used. An example
of such a search, service search process in Wi-Fi and
Bluetooth, which are short-range communication protocols,
will be described below.

To search for a service based on the Wi-Fi or Bluetooth
protocols, two or more devices first form a network by
connecting with one another. For example, a network is
formed by directly connecting a smartphone to another
smartphone, a laptop computer to a mouse, or a tablet
Personal Computer (PC) to a printer. A network can also be
formed by connecting a device to a nearby device, such as
a digital camera, an MP3 player, a game console, and a TV.

Thus, if a user wants to search for a service using a user
device that is not a part of a network, the user device must
join a previously formed network or form a new network
with the other devices. To this end, the user device must
perform a series of processes including searching for an
already formed network and joining the already formed
network. Moreover, in the case of a Basic Service Set (BSS)
of Wi-Fi, the user device must join the network via a
connection with an Access Point (AP).

As such, the user device does not search for an available
service until it obtains information regarding devices in a
network after forming a new network or after joining an
existing network.

As described above, the process of determining a service
supportable by a device starts after a connection of two
layers, such as PHYsical (PHY) and MAC layers, to the
device is set in advance. If it is determined that the device
does not satisfy a user’s service requirements, the user needs
to disconnect the previously established two-layer connec-
tion to the device, and make another two-layer connection to
another device to search for a service supportable by another
device.

As such, this mechanism in which all devices are con-
nected via peer-to-peer protocols to one another in the PHY
and MAC layers without an AP is inefficient. Specifically,
when the number of devices in a network is in the hundreds,
this connection setup process results in large overhead.

Thus, a method capable of searching for a service sup-
portable by a device without forming a new network is
required to increase network efficiency and improve the user
experience.
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2
SUMMARY OF THE INVENTION

Accordingly, the present invention has been made to solve
the above-stated problems occurring in the prior art, and an
aspect of the present invention provides a device and method
for searching for nearby devices based on a service desired
to be efficiently used.

Another aspect of an embodiment of the present invention
is to provide a device and method for searching for an
available service without forming a network between
devices.

In accordance with one aspect of the present invention, a
method of searching for a nearby device based on a service
in a device is provided. The method includes transmitting a
service search request including information regarding a
target service to nearby devices; receiving a service search
response from the nearby device supporting the target ser-
vice; analyzing service information of the nearby device
supporting the target service, which is included in the
service search response; selecting the nearby device sup-
porting the target service based on a result of the analyzed
service information; and performing the target service by
establishing a session with the selected device.

In accordance with another aspect of the present inven-
tion, a method of searching for a nearby device based on a
service in a device is provided. The method includes receiv-
ing a broadcasting signal from each of nearby devices;
analyzing service information included in the broadcasting
signal; searching for the nearby device supporting a target
service based on a result of the analyzed service informa-
tion; and performing the target service by establishing a
session with the searched device.

In accordance with another aspect of the present inven-
tion, a device for searching for a nearby device based on a
service is provided. The device includes a connection unit
for transmitting a service search request including informa-
tion regarding a target service to nearby devices and receiv-
ing a service search response from the nearby device sup-
porting the target service from among the nearby devices;
and a controller for analyzing service information of the
nearby device supporting the target service, which is
included in the service search response, selecting the nearby
device supporting the target service based on a result of the
analyzed service information, and performing the target
service by establishing a session with the selected device.

In accordance with another aspect of the present inven-
tion, a device for searching for a nearby device based on a
service is provided. The device includes a connection unit
for receiving a broadcasting signal from each of nearby
devices; and a controller for analyzing service information
included in the broadcasting signal, searching for the nearby
device supporting a target service based on a result of the
analyzed service information, and performing the target
service by establishing a session with the searched device.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and advantages of
the present invention will be more apparent from the fol-
lowing detailed description taken in conjunction with the
accompanying drawings, in which:

FIG. 1 illustrates a configuration of a Device-to-Device
(D2D) network according to an embodiment of the present
invention;

FIG. 2 illustrates a signaling diagram between devices for
a service search according to an embodiment of the present
invention;
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FIG. 3 illustrates a signaling diagram between devices for
a service search according to an embodiment of the present
invention;

FIG. 4 illustrates a block diagram of a device according
to an embodiment of the present invention;

FIGS. 5A to 5C illustrate frames based on service cat-
egory levels according to an embodiment of the present
invention;

FIG. 6 illustrates a signaling diagram between devices
based on a service category level according to an embodi-
ment of the present invention;

FIG. 7 illustrates a flowchart illustrating a process in a
device according to the first embodiment of the present
invention; and

FIG. 8 illustrates a flowchart illustrating a process in a
device according to the second embodiment of the present
invention.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE PRESENT INVENTION

Embodiments of the present invention will now be
described in detail with reference to the accompanying
drawings. Like reference numbers are used to refer to like
elements throughout the drawings. Moreover, in the follow-
ing description, well-known functions are not described in
detail since they would obscure the invention with unnec-
essary detail.

In the detailed description below, embodiments of the
present invention to achieve the above-described technical
aspects are provided. In addition, for convenience of
description of the present invention, although names of
objects defined in a Device-to-Device (D2D) service are
used, this standard and the names do not limit the scope of
the present invention, and the present invention is also
applicable to systems having other technical characteristics.

The present invention provides a method of searching for
a nearby device based on a service to be used. To this end,
according to the present invention, a user device acquires
service information by using broadcasting signals received
from nearby devices or a response to a transmission of a
service search request, determines, based on the acquired
service information, whether there is a device supporting a
desired service, and if there is a device supporting the
desired service, selects the device supporting the desired
service to use the desired service through a connection to the
selected device. By doing so, the user device is connected
only to the device supporting the desired service, so an
optimized session connection setup process is performed,
enabling efficient management with respect to the total
network capacity.

An operation of a device in which the above-described
function is implemented is described with reference to FIG.
1.

FIG. 1 illustrates a D2D network according to an embodi-
ment of the present invention. Referring to FIG. 1, first,
second, third, and fourth devices 100, 110, 120, and 130,
respectively. The four devices 100, 110, 120 and 130 indi-
vidually provide and use at least one of services A, B, C, and
D in a D2D available service area. Thus, when the first
device 100 desires to use the service A, the first device 100
connects to the second device 110, and for service B, only
a connection between the second device 110 and the third
device 120 is required. Accordingly, if a device supporting
a service to be used is searched for, a session is connected
with only the searched device. However, since the first
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device 100 and the fourth device 130 use different services,
there is no need to form a network between the devices.

Hereinafter, the embodiments of the present invention
disclosed in the detailed description of the present invention
are divided as described below. A first embodiment of the
present invention includes, when a user device starts search-
ing for a service to be used, i.e., a target service, receiving,
by the user device, broadcasting signals from nearby devices
to acquire information regarding services supported by the
nearby devices and performing a session connection with a
desired device based on the acquired information. A second
embodiment of the present invention includes transmitting,
by a user device, a service search request to nearby devices
to directly search for a device supporting a target service and
performing a session connection with a device responding to
the service search request. By doing so, a device having a
desired service can be found without previously forming a
network with that device, so an optimized session connec-
tion process is performed.

First, a service search process according to the first
embodiment of the present invention is described with
reference to FIG. 2. FIG. 2 illustrates a method of searching
for a device supporting the service A from among a plurality
of devices located in the D2D available service area when a
user of the first device 100 wants to use the service A. The
range of the D2D available service area reaches a maximum
radius of several miles from the first device 100.

Referring to FIG. 2, when the first device 100 starts
searching for service A in step 200, the first device 100
receives broadcasting signals including service information
from nearby devices, e.g., the second, third, and fourth
devices 110, 120, and 130, in steps 210 to 230. In a system
supporting D2D according to an embodiment of the present
invention, a broadcasting signal is a beacon signal. Addi-
tionally, although the broadcasting signals are received after
the service, A begins searching for the service in response to
a user’s start request of service A in the above description,
the broadcasting signals are received as soon as the first
device 100 enters a specific D2D available service area, e.g.,
a building supporting a D2D service.

Specifically, the service information included in each
broadcasting signal includes device identification informa-
tion, available service information, version information, and
intention information. The device identification information
is temporary identification information for identifying a
device, the available service information indicates a cur-
rently-used service from among several supportable ser-
vices, such as a data sync service, an Audio/Video (A/V)
streaming service, and a messaging service, the version
information indicates service category version information,
and the intention information indicates providing intention
for a service category table to be transmitted to another
device

For example, as shown in FIG. 1, when the second device
110 supports services A, B, and C and is currently using
service A, service A is included as available service infor-
mation of a broadcasting signal. If currently available ser-
vices are services A and B, the second device 110 transmits
a broadcasting signal including information regarding ser-
vices A and B. A detailed configuration of the service
information is provided below.

In FIG. 2, it is assumed that a broadcasting signal from the
second device 110 includes information regarding service A,
a broadcasting signal from the third device 120 includes
information regarding service B, and a broadcasting signal
from the fourth device 130 includes information regarding
service C.
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Upon receiving the broadcasting signals, the first device
110 determines in step 240 based on the service information
included in the broadcasting signals whether there is a
device supporting service A. If it is determined that the
device supporting service A is the second device 110, the
first device 110 creates a session with the second device 110
in step 250.

According to the current embodiment, the broadcasting
signals from the second, third, and fourth devices 110, 120,
and 130, respectively, are transmitted based on the following
scheduling methods. A first method is one of simultaneously
distributing beacon signals in the second, third, and fourth
devices 110, 120, and 130 at a constant period. A second
method is one of periodically distributing a beacon signal in
each of the second, third, and fourth devices 110, 120, and
130 according to a previously scheduled method. A third
method is one of distributing a beacon signal in a previously
allocated specific interval based on a contention method of
the second, third, and fourth devices 110, 120, and 130,
which is a method for randomly distributing the beacon
signals, since there is no specific order set in each device
within the previously allocated specific interval.

Next, a service search process, according to the second
embodiment of the present invention, is described with
reference to FIG. 3. FIG. 3 illustrates an operation based on
an information request and response of a service supported
by each device.

Referring to FIG. 3, when the first device 100 begins
searching for service A in step 300, the first device 100
transmits a service search request to nearby devices, e.g., the
second, third, and fourth devices 110, 120, and 130, respec-
tively, in steps 310 to 330 to search for services supported
by the second, third, and fourth devices 110, 120, and 130.
The service search request includes service information of
the first device 100. Specifically, like the first embodiment of
the present invention, the service information includes iden-
tification information, a currently-used service, service cat-
egory version information, and service category table pro-
viding intention information of the first device 100. As
described above, the first device 100 transmits a service
search request including the service information of the first
device 100 to the nearby devices, i.e., the second, third, and
fourth devices 110, 120, and 130, respectively, to inform
them of the service information of the first device 100.

Upon receiving the service search request, each of the
second, third, and fourth devices 110, 120, and 130, respec-
tively, analyzes the service information included in the
service search request. If it is determined that the second
device 110 can support a service requested by the first device
100, e.g., the service A, the second device 110 transmits a
service search response including service information of the
second device 110 to the first device 100 in step 340. If the
third and fourth devices 120 and 130 do not support the
service A even though the third and fourth devices 120 and
130 receive the service search request, the third and fourth
devices 120 and 130 do not transmit a service search
response in steps 350 and 360. Accordingly, the first device
100 connects a session with the second device 110 based on
the service search response received from the second device
110.

If the third device 120, in addition to the second device
110, also supports the service A, the third device 120 also
transmits a service search response to the first device 100.
Then, the first device 100 receives a plurality of service
search responses. In this case, the first device 100 tries to
make a session connection in the order of reception of the
service search responses. Alternatively, the first device 100
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first tries to make a session connection with a device, which
has transmitted a service search response including the
lowest service category level as a detailed service type from
among the multiple received service search responses. For
example, when the second device 110 transmits a service
search response having a level 1 corresponding to the
highest service category level and the third device 120
transmits a service search response having a level 2 corre-
sponding to an intermediate service category level, the first
device 100 first makes a session connection with the third
device 120 and then makes a session connection with the
second device 110. These service category levels are
described below. When a plurality of service search
responses are received by the first device 100, a user of the
first device 100 selects a desired device from among several
devices, which have transmitted the plurality of service
search responses.

An operation and components of the first device 100 in
which the above-described functions are implemented are
described with reference to FIG. 4.

Referring to FIG. 4, the first device 100 includes a user
interface 410, a D2D connection unit 420, a service infor-
mation storage unit 430, and a controller 440. The first
device 100 corresponds to any one of D2D service support-
ing devices, such as a smartphone, a cellular phone, a digital
camera, an MP3 player, a game machine, a TV, a display
device, a vehicle head unit, and the like.

The user interface 410 is an input means used for a user
to select a desired service. If a plurality of devices support-
ing the selected service are searched, the user selects a
desired device through the user interface 410.

The D2D connection unit 420 searches for nearby devices
supporting the desired service.

The service information storage unit 430 stores informa-
tion regarding services supported by the first device 100, and
the service information is stored in tabular form. Addition-
ally, if service information is acquired from nearby devices,
the acquired service information is also stored in the service
information storage unit 430.

Specifically, [Dentification (ID) information of the first
device 100, which is included in the service information
stored in the service information storage unit 430, is set to
be different from ID information of nearby devices recog-
nized by means of broadcasting signals. The ID information
of the first device 100 is temporary 1D information used in
a local area in which the D2D service is performed and
indicates an 1D used for only a connection to the nearby
devices.

Thus, since the ID information of the first device 100 is
discarded once it is used in the local area, the ID information
of' the first device 100 is newly created when the first device
100 tries a connection in another local area or when the first
device 100 tries a reconnection in the same local area. The
ID information uses approximately 2 octets allocated
according to an embodiment of the present invention, and
since the ID information is temporary, the ID information
provides a privacy function in which information can be
provided only if the user opens the ID information to the
public.

Additionally, supportable services in the service informa-
tion are stored in a list form. These supportable services are
classified based on the service types or portal sites.

First, service categories are classified depending on ser-
vice types as shown in Table 1.



US 9,491,202 B2

7
TABLE 1

Level 1 Level 2 Level 3

SMS

MMS

™M

Group MS
E-mail

VoIP Call
Video Call
Group Call
Map
Navigation
Local Event
Local weather
News

Notice

File Transfer
Multimedia Streaming

Communication Messaging

Call

Information Traffic Service

Local info. service

Entertainment Data service

Game Real-time game
Business Shopping Shopping
Advertisement Advertisement
Coupon Coupon
Banking Banking
Emergency Emergency Emergency

In Table 1, the service types are classified into levels, i.e.,
in a hierarchical order from the highest level to the lowest
level. The service category table shown in Table 1 is only an
example, and a configuration of the service category table
varies based on available devices. That is, each device has
a unique service category table including active services,
which indicate services being executed on a background and
currently used, and inactive services, which indicate services
installed but not executed.

Next, service categories are classified based on portals as
shown in Table 2.

TABLE 2

Level 1 Level 2

NAVER Messaging
Call
Traffic Service
Local info. Service
Data Sharing
Game
Shopping
Advertisement
Coupon
Banking
Emergency

DAUM

SAMSUNG

APPLE

GOOGLE

SKT

KT

U+

In Table 2, if service categories are classified based on
portals, when the first device 100 transmits a service search
request, the first device 100 inserts information that a
service, e.g., a group game (e.g., soccer game) provided by
NAVER (a search engine), from among supportable services
is being executed by the first device 100 into the service
information and informs the nearby devices of the service
information.

Service category version information included in the
service information indicates version information of a ser-
vice category table stored in the first device 100. The service
category table has a table type categorized with levels 1 to
3 as shown in Table 1 and 2 and is stored in each device.
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Moreover, the service category table is distributed and
continuously managed and updated by D2D service provid-
ers.

Intention information included in the service information
indicates providing intention for the service category table
as shown in Table 1 and 2.

The controller 440 searches for a device that can support
a target service, from among the nearby devices. Starting the
search occurs, for example, when a search request for a
desired service is input from the user through the user
interface 410 or when the first device 100 is turned on. To
search for a device that can support a target service, the
controller 440 receives broadcasting signals from the nearby
devices, or transmits a service search request to the nearby
devices and receives responses according to the service
search request from the nearby devices. If a device support-
ing the target service is searched for, the controller 440
makes a session connection with the searched device.

Each of the broadcasting signals includes information
regarding a currently-used, i.e., active, service based on a
format as shown in Table 1 and 2. This active service
information is carried on a beacon signal, and accordingly,
the controller 440 determines in what level of service
category table supportable service information is included in
the beacon signal. This is described in detail with reference
to FIGS. 5A to 5C. If the most detailed service information
is level 3 and a nearby device transmits active service
information based on level 3, service information represent-
ing all detailed services that are level 3 of Table 1 is carried
on the beacon signal. For example, when the active services
are Short Message Service (SMS), Multimedia Message
Service (MMS), and Instant Messaging (IM), a beacon
signal is transmitted three times to inform of service infor-
mation of the active services. To reduce overhead, the
beacon signals are scheduled in advance. These beacon
signals are represented in a frame format as shown in FIGS.
5A to 5C.

FIG. 5C illustrates a case in which active service infor-
mation corresponding to level 3 is carried on every frame,
i.e., every beacon signal 560. Specifically, referring to Table
1, since service names of SMS, MMS, and IM correspond to
level 3, if the first device 100 desires to search for a device
supporting SMS, the first device 100 checks a service name
of SMS from a beacon signal. Although overhead is
increased by receiving a beacon signal including the service
name of SMS, a beacon signal including a service name of
MMS, and a beacon signal including a service name of IM,
a device desiring to search for a target service can acquire
detailed service information anytime if necessary, thereby
easily finding the target service and a device supporting the
target service.

FIG. 5A illustrates a case in which only a first frame 500
includes active service information corresponding to level 3,
second to sixth frames 510 include active service informa-
tion corresponding to level 2, and a first frame 520 of a next
period includes active service information corresponding to
level 3.

FIG. 5B illustrates a case in which only a first frame 530
includes active service information corresponding to level 3,
second and third frames 540 include active service infor-
mation corresponding to level 2, and a fourth frame 550
includes active service information corresponding to the
level 3.

An operation of the first device 100 when such beacon
signals are received is described with reference to FIG. 6.
When the first device 100 receives a beacon signal corre-
sponding to level 3 as shown in FIG. 5A to search for a
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device supporting a target service, the first device 100
directly finds a desired device and form a D2D network by
connecting a session with the desired device.

However, the first device 100 operates in step 605 after
receiving a first beacon signal 511 corresponding to the level
2 of FIG. 5A in step 600, the first device 100 receives a
second beacon signal 512 corresponding to the level 2 in
step 610. Upon receiving the beacon signal 512, the first
device 100 analyzes the beacon signal 512 and a level
period. Since the first device 100 knows a level period in
which the beacon signal 520 corresponding to the level 3 is
received, the first device 100 enters a sleep mode in step 620
to wait for the beacon signal 520 corresponding to the level
3.

The first device 100 discards three beacon signals 513,
514, and 515 in steps 626, 630, and 635, respectively, until
the beacon signal 520 corresponding to level 3 is received in
a next period. Since the first device 100 enters the sleep
mode, power is reduced. The first device 100 wakes up from
sleep mode in step 640 to receive the beacon signal 520
corresponding to level 3 and then receives the beacon signal
520 corresponding to level 3 in step 645. Upon receiving the
beacon signal 520 corresponding to level 3, the first device
100 has detailed information about the currently-used ser-
vice, and determines in step 650 whether a network is
connected by analyzing a detailed service of a device, which
has transmitted the beacon signal 520.

A process in the first device 100 according to the first
embodiment of the present invention is described with
reference to FIG. 7. FIG. 7 illustrates the process of search-
ing, by the first device 100 supporting D2D in a service-
based D2D network, for a device supporting a target service
and forming a network with the searched device.

Referring to FIG. 7, when the first device 100 starts
searching for a target service, the first device 100 receives
broadcasting signals from nearby devices in step 700. Each
broadcasting signal is received in a pre-defined period
according to a scheduling method, and the first device 100
analyzes service information included in the broadcasting
signals in step 705. The service analysis allows the first
device 100 to know a level period and in what level of a
service category table a currently-used service is transmit-
ted.

In step 710, the first device 100 determines whether a
connection is performed based on a current service category
level. Whether a connection is performed based on the
current service category level is determined by the following
methods. Whether a connection is performed is determined
according to a selection of a user of the first device 100.
Alternatively, when the current service category level
includes detailed service information corresponding to the
lowest level, the process proceeds to step 725.

First, a method according to a selection of the user is
described.

If a broadcasting signal includes providing intention for a
service category table, a currently-used service is provided
based on the service category table as shown in Table 1 or
2. For example, if'it is determined in step 705 that the current
service category level corresponds to the level 2, the user of
the first device 100 knows based on the broadcasting signal
that a corresponding device supports any one of level-2
services, such as messaging, call, and traffic service. Accord-
ingly, when the user desires to simply use a messaging
service regardless of messaging service types, such as SMS,
MMS, and IM, the user selects that a service is connected
based on the current service category level. Since the first
device 100 does not have to wait until detailed service
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information, i.e., service information corresponding to level
3 that is the lowest level, is received, a quicker service
connection is achieved.

Next, a method based on an automatic selection is
described.

If it is determined in step 705 that the current service
category level corresponds to level 3 that is the lowest level,
the first device 100 knows detailed services corresponding to
level 3, such as SMS, MMS, and IM. A connection is
automatically performed based on the current service cat-
egory level.

If a connection is not performed based on the current
service category level in step 710, for example, if it is
determined that a lower level belonging to the current
service category level exists or if the user does not select a
connection based on the current service category level, the
process proceeds to step 720. If it is determined that a lower
level belonging to the current service category level exists,
since the first device 100 knows a next period of the lower
level through the analysis result, the first device 100 main-
tains sleep mode and wakes up in the next period of the
lower level in step 720 and proceeds back to step 700 to wait
for a next broadcasting signal.

In step 725, the first device 100 selects a device support-
ing a desired service, e.g., service A. Although FIG. 2
illustrates a case in which a device supporting service A is
searched for by using a broadcasting signal when an appli-
cation of service A is executed, if an application is executed
without specifying one D2D service, the user selects a
desired service from among a list of all services currently
being used in each device by using a broadcasting signal. To
this end, the first device 100 displays a list of services
searched from the nearby devices on the user interface 410
of the first device 100 based on the analyzed service infor-
mation to allow the user to select a desired service from the
displayed service list.

Accordingly, the user of the first device 100 selects a
desired specific service from among various kinds of ser-
vices classified based on service types or portal sites. More-
over, when detailed service information is provided, the user
selects a desired service from a service list currently avail-
able by devices, which has transmitted broadcasting signals,
thereby increasing a chance of service selection.

In step 730, the first device 100 determines whether a
session is connected with the selected device. If a session is
connected with the selected device, the first device 100
requests the selected device for a session connection in step
735 and exchanges a security key with the selected device in
step 740. A session connection in which security is guaran-
teed is then completed in step 745. Accordingly, the desired
service is performed in step 750.

When security information, such as a security key, is
exchanged, a network established between two devices is
secure, so one device may provide information to the other
device after a session is connected between them for a
service connection. Additionally, the information provided
when the desired service is performed includes, for example,
IDs of a service user, which are actually used in a D2D
network, such as a NAVER ID and a game ID. If a device
different from the D2D technology supports another com-
munication protocol, connection information includes infor-
mation regarding whether another communication protocol
is supported, and in this case, a Wi-Fi/Bluetooth (BT)
connection is also be possible, thereby providing informa-
tion by means of Wi-Fi/BT.

FIG. 8 is a flowchart illustrating a process in the first
device 100 according to the second embodiment of the
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present invention. Since steps 825 to 850 of FIG. 8 are the
same as steps 725 to 750 of FIG. 7, a detailed description
thereof is omitted. However, FIG. 8 is different from FIG. 7
in that the first device 100 acquires ID information by using
broadcasting signals, i.e., beacon signals, received from
nearby devices and then generates unique 1D information of
the first device 100, which is different from ID information
of nearby devices, in steps 800 and 805. After generating the
ID information of the first device 100, the first device 100
transmits a service search request including service infor-
mation of the first device 100 to the nearby devices in step
810. In step 815, the first device 100 determines whether a
response according to the service search request is received.
In step 820, the first device 100 analyzes service information
included in the service search response. Unlike in FIG. 7,
since the first device 100 has already informed other devices
of the service information supported by the first device 100,
the service search response is preferably received from
devices supporting the informed service.

As is apparent from the foregoing description, nearby
devices are efficiently searched for based on a desired
service in a system supporting D2D communication. Addi-
tionally, an optimized session connection process can be
performed without connecting a session with all devices in
a D2D network, i.e., by connecting a session with only a
device providing a desired service, efficient management is
performed in terms of the total network capacity, and in
particular, a time taken to connect a session can be reduced.

While the invention has been shown and described with
reference to certain embodiments thereof, it will be under-
stood by those skilled in the art that various changes in form
and details may be made therein without departing from the
spirit and scope of the invention as defined by the appended
claims and their equivalents.

What is claimed is:

1. A first device for searching for a second device, the first
device comprising:

a connection unit configured to receive, a first broadcast-
ing signal including first available service information
of the second device and period information; and

a controller configured to:
if the first available service information of the second

device is the desired service information, establish a

session with the second device based on the received

first available service information, or

if the first available service information of the second

device is not the desired service information,

identify the period information indicating a trans-
mission timing of a second broadcasting signal,
and

receive a second broadcasting signal comprising
second available service information based on the
identified period information.

2. The first device of claim 1, wherein the first available
service information further includes at least one of tempo-
rary identification information of the second device, a name
of a currently-used service, version information of a service
category table, and intention information for the service
category table in the second device.

3. The first device of claim 2, wherein the service category
table stores services supportable by the second device,
which are classified based on service types.

4. The first device of claim 3, wherein the service types
are hierarchically classified in an order of the first level
corresponding to service information, second level corre-
sponding to service information detailed more than the first
level of the service information, and third level correspond-
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ing to service information detailed more than the second
level of the service information.
5. The first device of claim 4, wherein the controller is
further configured to determine whether a service corre-
sponding to the first level of the service category table is
included in the first available service information, based on
the result of the analysis of the first available service
information included in the first broadcasting signal, enter a
sleep mode if the service corresponding to the first level of
the service category table is included in the first available
service information, and wake up if the second broadcasting
signal including a service corresponding to the second level
or the third level of the service category table is included in
the second available service information is received.
6. A method of establishing a session with a second
device, the method comprising:
receiving, from the second device, a first broadcasting
signal including first available service information of
the second device and period information;

determining whether the first available service informa-
tion of the second device is desired service information;
and

if the first available service information of the second

device is the desired service information, establishing a
session with the second device based on the received
first available service information, or

if the first available service information of the second

device is not the desired service information,

identifying the period information indicating a trans-
mission timing of a second broadcasting signal; and

receiving a second broadcasting signal comprising sec-
ond available service information based on the iden-
tified period information.

7. The method of claim 6, wherein the first available
service information further includes at least one of tempo-
rary identification information of the second device, name
information of a currently-used service, version information
of a service category table, and intention information for the
service category table in the second device.

8. The method of claim 7, wherein the service category
table stores services supportable by the second device,
which services are classified based on service types.

9. The method of claim 8, wherein the service types are
hierarchically classified in an order of the first level corre-
sponding to service information, second level corresponding
to service information detailed more than the first level of
the service information, and third level corresponding to
service information detailed more than the second level of
the service information.

10. The method of claim 7, wherein the service category
table stores services supportable by the second device,
which services are classified based on portal sites.

11. The method of claim 9, further comprising:

determining whether a service corresponding to the first

level of the service category table is included in first
available the service information, based on a result of
the analyzed first available service information
included in the first broadcasting signal; and

entering a sleep mode, if the service corresponding to the

first level of the service category table is included in the
first available service information.

12. The method of claim 11, further comprising:

waiting in the sleep mode until second broadcasting signal

including a service corresponding to the second level or
the third level of the service category table is included
in the second available service information is received;
and
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waking up if the service corresponding to the second level
or the third level of the service category table is
included in the second available service information is
received.

13. The first device of claim 1, wherein the controller is

configured to:

if the second broadcasting signal is received, determine
whether the second available service information of the
second device is desired service information, and

if the second available service information of the second
device is the desired service information, establish the
session with the second device based on the received
second available service information.

14. The method of claim 6, further comprising:

if the second broadcasting signal having the second
available service information is received, determining
whether the second available service information of the
second device is desired service information; and

if the second available service information of the second
device is the desired service information, establishing
the session with the second device based on the
received second available service.
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